Under optimal conditions which minimized the accumulation of extraneous proteins, interferon preparations were obtained in L cells containing from 2 X 104 to 5 X 104 units/mg of protein. The radiolabeled proteins were liberated simultaneously with interferon from cultures exposed to tritiated amino acids after viral stimulation and from corresponding controls, and were subsequently purified with the following results. Chromatography of interferon on carboxymethyl-Sephadex C-25 eliminated selectively unlabeled or poorly labeled proteins, resulting in a greater than sixfold increase in counts per minute per milligram of protein. Similarly purified control material harbored at least 12 times less tritium per milligram of protein than interferon, and the label was more diversely distributed among proteins of different molecular weights. On electrophoresis of interferon in polyacrylamide gels, labeled proteins were reduced further by a factor of at least 10 without loss in titer. Final purification was estimated at greater than 280-fold, representing a calculated specific activity of at least 1.4 X 107 units of interferon per milligram of protein.
Under optimal conditions which minimized the accumulation of extraneous proteins, interferon preparations were obtained in L cells containing from 2 X 104 to 5 X 104 units/mg of protein. The radiolabeled proteins were liberated simultaneously with interferon from cultures exposed to tritiated amino acids after viral stimulation and from corresponding controls, and were subsequently purified with the following results. Chromatography of interferon on carboxymethyl-Sephadex C-25 eliminated selectively unlabeled or poorly labeled proteins, resulting in a greater than sixfold increase in counts per minute per milligram of protein. Similarly purified control material harbored at least 12 times less tritium per milligram of protein than interferon, and the label was more diversely distributed among proteins of different molecular weights. On electrophoresis of interferon in polyacrylamide gels, labeled proteins were reduced further by a factor of at least 10 without loss in titer. Final purification was estimated at greater than 280-fold, representing a calculated specific activity of at least 1.4 X 107 units of interferon per milligram of protein.
Most data on the purification and properties of interferon have been obtained from studies with chick interferon (5) , presumably because of its ready availability. A few attempts at purifying mouse interferon have been made, but the degree of purification attained has either been low, or experimental details were not given. In part, the lack of success with mouse interferon may have been due to a starting material of poor quality, heavily contaminated with extraneous proteins (15, 16, 23) , or to the necessity of securing sufficiently large quantities of crude interferon. We thought that some of the aforementioned difficulties might be overcome in a tissue culture system used in this laboratory, which yields substantial quantities of a potent mouse interferon low in protein content. These expectations were to a large extent fulfilled, and the way was paved for attempting to incorporate an isotopic label into interferon in the course of its synthesis. The 
MATERIALS AND METHODS
Cell cultures. For production of interferon, L cells were propagated in suspension as previously described (17, 22) , except that Eagle basal medium in Spinner salt solution was used, supplemented with 10% calf or horse serum and antibiotics. For attachment to glass surfaces, this medium was replaced by Eagle basal medium (Hanks base, HBME) containing 10% calf serum, 0.15% bicarbonate, and antibiotics.
Assay of interferon was carried out in monolayers of L (MCN) cells (20) grown in the presence of 60% Scherer maintenance solution, 30% medium 199, and 10% inactivated (56 C, 30 min) horse serum.
Human amnion (FL) cells were grown in HBME as described above for L cells.
Viruses Production and labeling of interferon. Approximately 107 cells, contained in 50 ml of medium, were seeded into 500-ml round prescription bottles fitted on a roller drum revolving at a speed of 8 rev/hr (18) . Three days later, the bottles were refed and incubated for one additional day. Confluent monolayers contained from 5 X 107 to 10 X 10' cells. The medium was then discarded, and the flasks were inoculated with NDVUV at an input multiplicity of 300 PFU (before irradiation). One hour later, the virus was removed and the cells were refed with 10 ml of serumfree medium. After a total incubation time of 8 hr, this medium was replaced by one of the same Controls were handled in an identical manner except that ultraviolet-irradiated dialyzed allantoic fluid from uninfected eggs was substituted for NDVuV.
Assay of interferon. Serial fourfold dilutions of interferon were inoculated in 0.5-ml amounts into 30 ml of tissue culture flasks (Falcon Plastics Co., Los Angeles, Calif.) containing 6 X 106 L (MCN) cells bathed in 5 ml of medium. The flasks were incubated overnight at 37 C. On the following day, the cultures were drained and inoculated with 0.4 ml of VSV containing approximately 100 PFU. Virus was permitted to adsorb for 1 hr, and during this time the bottles were rocked intermittently. They were then overlaid with a mixture of 2.4% Difco Agar, and regular growth medium at twice the usual concentration, containing neutral red 1: 20,000. Plaques were counted on the 2nd or 3rd day, and the 50% plaque reduction end point was computed from a standard regression curve. One unit of interferon was defined as the reciprocal of the highest dilution of interferon contained in 0.5 ml of inoculum which reduces the number of plaques found in controls by one-half. Twice that amount expresses the number of units per milliliter.
Interferon samples not destined for purification were dialyzed against 100 volumes of HCI-KCl buffer at pH 2 to eliminate residual interfering virus (3). The materials were brought back to neutrality by exhaustive dialysis against 0.1 M PBS.
Proteins. Determinations were carried out in a Beckman DB spectrophotometer by the method of Lowry et al. (14) , with crystalline bovine plasma albumin used as a standard.
Concentration of interferon. Tissue culture fluids were syphoned into U-shaped bags of Visking tubing (diameter 0.25 inch, inflated), and subjected to a vacuum of approximately 20 lb/in'. This resulted in a flow rate of 5 ml/hr, and the biological activity was quantitatively recovered after 20-fold concentration (21) .
Chromatography. Interferon was purified in a refrigerated column (Pharmacia, K25/45) of carboxymethyl-Sephadex C-25 (CMS). The loading ratio was 1 mg of protein to 10 ml of gel volume. The flow rate was adjusted to approximately 60 ml/hr, and fractions were collected in a refrigerated cabinet (Beckman model 133A). Passage through flow-cell assemblies permitted continuous recording of pH and optical density at 280 nm.
Sephadex gel filtration. For determination of molecular weights, a Sephadex G-100 column (1.5 by 90 cm) was operated at room temperature with a flow rate of 20 mi/hr. The following markers, of known average molecular weights, were supplied by Mann Research Laboratories, New York, N.Y.: cytochrome c (12,400), myoglobin (17,800), chymotrypsinogen A (25,000), ovalbumin (45,000), and bovine albumin (67,000). Elution was carried out in 0.1 M PBS at pH 7.4.
Equilibrium density gradient centrifugations. Gradients ranging from 0 to 20% sucrose in PBS were prepared in 4.5-ml amounts. The solutions were overlaid with 0.5 ml of sample followed by 0.3 ml of paraffin oil. Centrifugation was carried out in a Spinco SW39 rotor at 35,000 rev/min for 17 hr. Fractions of 20 drops were collected for assay. Markers were the same as those used for Sephadex gel ifitration.
Cesium chloride equilibrium sedimentation was performed by adjusting the starting specific gravity of 5-ml samples with cesium chloride powder to 1.32 (12) . The solutions were overlaid with 0.3 ml of paraffin oil and centrifuged in a Spinco SW50 rotor at 48,000 rev/min, for 72 hr. Samples of 20 drops were collected. Refractive indices were determined in an Abbe-3L refractometer.
Polyacrylamide gel electrophoresis. Chromatographed interferon samples were subdivided into two portions, one of which was concentrated 10-fold by pressure dialysis in the presence of 0.05% bovine plasma albumin (BPA) to preserve biological activity, and the other 100-fold for staining of proteins. Samples of 0.4 to 0.8 ml of these materials in 0.1 M phosphate buffer (pH 6 to 7) were enclosed between two gels to permit sampling of residual activities (Stancek and Paucker, Ann. N.Y. Acad. Sci., in press) upon termination of the run. The gel columns (87 by 5 mm) consisted of 7.5% gel (w/v), composed of 28% acrylamide and 0.73% methylene-bisacrylamide, in an acid (pH 4.3) buffer system. Polymerization proceeded in the presence of 0.005% riboflavine (8) . Electrophoresis was carried out in a Canalco model 12 electrophoretic apparatus, using #3-alanine electrode buffers at pH 4.3, and 5 ma per gel was applied for 60 to 120 min. Methyl green, at a concentration of 0.001%, was added as tracking dye to the anode buffer.
Upon completion of the run, gels intended for interferon and isotope determinations were cut into 1-mm discs, and from two to three of these were pooled. Elution was carried out for several days in the cold, into 0.5-ml volumes of PBS containing from 0.05 to 0.5% BPA. Non-elutable radioactivity was extracted from the gels by dissolving the discs in 0.2 to 0.5 ml of 30% hydrogen peroxide at 60 C for 20 hr. Portions of 0.1 ml were then transferred to scintillation vials containing Bray solution for counting.
Enzyme digestion. Samples of nonpurified radioactive interferon preparations in 0.1 M phosphate buffer at pH 8 were exposed in 1-ml amounts for 3 and 20 hr at 37 C to each of the following enzymes, at concentrations listed in Table 3 . Pronase (Calbiochem, Los Angeles, Calif.). Deoxyribonuclease 1 (Worthington Biochemical Corp., Freehold, N.J.) and ribonuclease (C. F. Boehringer & Sohne GmbH, Mannheim, Germany). After incubation, 400 ,ug of BPA (Armour Pharmaceutical Co., Chicago, Ill.) was added to all samples as a carrier, and proteins were precipitated in the cold by an equal volume of 40% trichloroacetic acid. Supernatant fluids were saved for counting, and sediments were washed three times with 20% trichloroacetic acid. The final precipitates were dissolved in 0.5 ml of NCS reagent (Amersham/Searle, Des Plaines, Ill.), transferred to scintillation vials, and counted. Enzyme activities were controlled by incubation with their corresponding substrates for 2 hr at 37 C. This step was followed by precipitation in the cold with trichloroacetic acid as above. Optical densities of the supernatant fluids were then determined at 260 nm for ribonucleic acid (RNA) and deoxyribonucleic acid (DNA), and at 280 nm for BPA.
Sterilization of interferon samples. All materials obtained after nonsterile handling were irradiated for 2 min by ultraviolet light in the same set-up as that used for inactivation of NDV. Interferon titers were not diminished by this procedure.
RESULTS
Optimal conditions for interferon production. Previous experiments had shown that NDV subjected to ultraviolet irradiation often promoted higher yields of interferon from L cells than noninactivated virus. In view of securing adequate quantities of interferon for purification, this question was studied more systematically in the following experiment. Samples of NDV were dialyzed and irradiated for time intervals ranging from 5 to 120 sec. Suspension cultures numbering 4 X 106 cells in 9 ml of medium were inoculated with 1-ml amounts of NDVUV at an input multiplicity of 500. Twenty-four hours later, media of all cultures were harvested, and interfering virus was eliminated by dialysis against low pH. Figure  1 illustrates the inactivation kinetics of NDV under these conditions, as well as the interferon titers generated by virus irradiated for periods ranging from 0 to 40 sec. Inactivation of virus proceeded linearly with increasing length of ultraviolet treatment; and after 40 sec no viable virus could be recovered. The amount of interferon produced rose approximately 16-fold after 5 sec of irradiation, and this level persisted for an interval of at least 20 sec. After exposure to 40 sec of ultraviolet light, interferon titers were slightly reduced, and they declined further with progressively longer ultraviolet treatment (not shown). Optimally irradiated virus proved, therefore, superior as an inducer of interferon in this system, and an interval of 10 to 20 sec for irradiation of NDV was adopted. Comparable yields of interferon were elicited from L cells with multiplicities of NDVUV ranging from 500 to 100. Below that concentration the amounts of interferon produced were less than those obtained with viable NDV.
Additional experiments disclosed that by restricting the time interval for collection of interferon to the period of maximal liberation from Interferon and control materials were prepared as described and were subjected to the purification steps outlined in the preceding paragraph. Interferon, protein, and isotope levels were surveyed at different stages during this procedure; the values found are given in Table 1. Three stages are compared, namely, the initial material (crude interferon), the concentrated product before chromatography on CMS (pre-CMS interferon), and the pool of the peak fractions of interferon eluted from the column by the pH gradient (post-CMS interferon). Loss of interferon activity between the first two stages amounted to 67%, and the overall recovery of interferon was about 13%. On the other hand, protein was reduced from 22 mg to <0.1 mg, i.e., at least 200 times. Comparing these values with the changes in radioactivity, it can be seen that tritium counts per minute declined only about 34-fold. Accordingly, the counts per minute per milligram of protein rose from 7.9 for the starting material, to more than 51 in the final product. The high specific activity of crude interferon, amounting to 50,500, made it possible to obtain with a limited degree of purification a preparation which contained in excess of 1.4 X 10' units/mg of protein.
The crude control harbored about the same amount of tritium per milligram of protein than the corresponding interferon preparation. However, in the course of purification, using comparable amounts of protein for both groups, the counts per minute per milligram of protein declined 1.85-fold, whereas they increased more than 6.4 times with interferon. Therefore, the chromatographed control material contained about 12 times less tritium per milligram of protein than purified interferon.
These relationships were confirmed in a number of experiments by using different amounts of isotope in the collection fluid. Table 2 lists the values recorded for the purified (post-CMS) preparations. With increasing quantities of input label, the ratios between tritium and interferon and between tritium and protein were likewise improved. In parallel experiments, interferon preparations purified to the extent described and concentrated 10 times in the presence of 0.05% BPA (one-tenth the usual amount) were examined by Sephadex filtration and in equilibrium sucrose density gradients together with markers of known molecular weights (1). On the basis of these studies, a molecular weight of 23,000, slightly less than that of Chymotrypsinogen A, was assigned to NDVuv-induced L-cell interferon. Comparison with crude interferon showed no evidence that a heavier component might have been selectively eliminated during the purification procedure.
Examination of chromatographed interferon on equilibrium sedimentation in cesium chloride gradients disclosed an effective buoyant density of 1.3 gm/cm3.
Characterization. To make certain that incorporation of the isotope into protein constituents had actually occurred, samples of a nonpurified, tritium-labeled interferon preparation and of a control material were subjected to digestion with Pronase, deoxyribonuclease, and ribonuclease at concentrations listed in Table 3 . Since the results were comparable for both periods of treatment, presentation is confined to data obtained after 3 hr of incubation. All enzymes, at the levels tested, were active on their respective substrates.
The results were essentially similar for both interferon and control materials. Digestion with Pronase was effective in reducing the amount of tritium in the trichloroacetic acid precipitate to 13.5 and 23%, respectively, of that found in the absence of treatment. In contrast, on exposure to the nucleases, more than 90%, or virtually all of the isotope, remained associated with the fraction precipitable by trichloroacetic acid. These data indicate that the tritium label was essentially associated with protein components in the preparations under test.
To determine the distribution of the isotopic label in the two types of preparations, 3H-labeled interferon and similarly purified 3H-labeled control material, adjusted to comparable levels of protein, were subjected to equilibrium density gradient centrifugations in sucrose. The results (Fig. 2) show that the elution curve of interferon was broadly covered by a displaced isotope profile, and it is apparent that a variety of light and heavy proteins dissimilar from interferon had incorporated the label. The control, on the other hand, as mentioned before, contained significantly less radioactivity than interferon, and the label displayed a more or less uniform distribution pattern.
Similar discrepancies between interferon and isotope were noted when chromatographed 3H-labeled interferon was subjected to filtration on Sephadex G-100. The results (Fig. 3) reveal that the juxtaposition of the two activities was imperfect. In addition, there is a minor radioactive peak to the right of the interferon region, which corresponds to an entity with a molecular weight of less than 1,000.
To achieve further separation of nonreactive proteins from interferon, a tritium-labeled chromatographed preparation was subjected to electrophoresis in polyacrylamide gels. The gel destined for detection of proteins, by means of staining with amido black, was loaded with approximately 80 to 100 ,ug of protein, corresponding to the interferon region eluting from CMS. The parallel gel received 558 units of interferon with which 4.88 X 105 radiocounts were associated. Electrophoresis of this portion proceeded in the presence of 0.5 % BPA to prevent inactivation of interferon activity. As described elsewhere (Stancek and Paucker, Acta Virol., in press), the addition of BPA did not materially affect the pattern of migration of interferon in polyacrylamide gels. The results of a representative experiment are shown in Fig. 4 (18) , the omission of serum from the collecting medium during release of interferon, and restriction of the harvest interval to a 4-hr period, during which maximal liberation of interferon from the cells took place. As a result of these manipulations, starting materials with specific activities ranging from 20,000 to 40,000 units of interferon per mg of protein were regularly obtained, which represented an approximately 400-to 800-fold improvement over crude chick interferon (5) .
Subsequent procedures, based primarily on previously published reports of Merigan et al. (16) and Schonne (21) , yielded a product of considerable purity containing in excess of 1.4 X 101 units per mg of protein. No distinction between the degree of incorporation of tritium into interferon and control was found when crude materials were compared, although less total protein was released from noninduced cells. However, subsequent to chromatography on CMS, which resulted in a greater than 100-fold elimination of proteins as compared to the starting products, the counts per minute per milligram of protein increased severalfold for interferon, whereas they declined less than twofold in the control preparation. These changes are interpreted to indicate that the label was preferentially incorporated into proteins synthesized at the same time as interferon and presenting similar configurational characteristics. Labeled proteins liberated from nonstimulated cells appeared to display more diversified properties, as shown by their greater elimination during chromatography and distribution in sucrose density gradients. Molecular weights, determined for chromatographed L-cell interferon in Sephadex G-100 and sucrose gradients, gave values in the range of 23,000, which compares well with the results obtained by others with crude mouse interferons derived from tissue cultures (9, 13, 15, 19 ; T. C. Merigan, Bacteriol. Proc., 1964, p. 115). The buoyant density value of 1.3 g/cm3 found on equilibrium centrifugation in cesium chloride also parallels the specific gravity of chick interferon reported by Kreuz and Levy (12) .
The distribution patterns of isotope and interferon titers on Sephadex filtration and in sucrose gradients indicated that a majority of the labeled proteins eluted with interferon from CMS may be sufficiently different to warrant further separation attempts. Electrophoresis in polyacrylamide gels, when carried out under carefully predetermined conditions (Stancek and Paucker, Ann. N.Y. Acad. Sci., in press, and Acta Virol., in press), permitted more than quantitative recovery of interferon from disc eluates. On the other hand, only about 6.6% of the input radioactive label remained intimately associated with the peak region of interferon activity. Therefore, without taking into account the enhanced recovery of interferon, the chromatographed material underwent a 15-fold or greater purification during electrophoresis in polyacrylamide gels. In a number of experiments, total purification during the entire procedure ranged from 280-to 850-fold.
However, the relatively broad migration profiles of L and chick interferons (6, 8) in polyacrylamide gels, and the diversity of electric charge described for chick interferons (7), point to a heterogeneous composition of even highly purified materials. Whether further separation of nonreactive labeled proteins from interferon can be achieved by electrofocusing is at present under investigation. Studies are also in progress to determine whether the more poorly labeled proteins released from noninduced cells and those liberated concomitantly with interferon present comparable or dissimilar radioactive distribution patterns during electrophoresis in polyacrylamide gels and isoelectric focusing.
